Korean Chem. Eng. Res., Vol. 50, No. 3, June, 2012, pp. 403-409

Aniline Terminated Waterborne Polyurethane/Multi-walled Carbon Nanotube

=3 3 guo| MT U BN

Preparation and Properties of Aniline Terminated Waterborne Polyurethane/Multi-walled

Carbon Nanotube Composite Coating Solutions

Min Gi Hong, Byung Suk Kim and Ki Chang Song’

Department of Chemical and Biochemical Engineering, Konyang University, 26 Nae-dong, Nonsan-si, Chungnam 320-711, Korea

(Received 13 October 2011; accepted 20 November 2011)

e <

Poly (carbonate diol), isophrone diisocyanate®} dimethylol propionic acid® +-E] #|Z% polyurethane prepolymers]
2 NCO71E- aniline® 2 capping*7#] aniline terminated waterborne polyurethane dispersion (ATWPUDYS 333123
t}. ©] ATWPUDS} Eof ¥41=o] Q1= multi-walled carbon nanotube (MWCNT)E Z3MA1A HEA I S8 A
St &, ©]ZE polycarbonate 714 9ol TaEsto] T8 uhS FAJSIGITE. ATWPUDSF MWCNTE £3ste] dojzl
B who] AT 7k 1076~1077Q/em?E 52573t waterborne polyurethane dispersion (WPUD)Z MWCNTS] &3t
25 AZE 789 2] 101°0/km? Hb 958 7R S YeRltt B3 ATWPUDe] 37K MWCNT
o] S7FETFE A9 o] AR SRIIANE B B Bk Qi)

lo mm Ry HN

Abstract — Polyurethane prepolymers were prepared from poly (carbonate diol), isophrone diisocyanate, and dimeth-
ylol propionic acid. Then, aniline terminated waterborne polyurethane dispersion (ATWPUD) was synthesized by cap-
ping aniline on the NCO group of the prepolymer. Subsequently, ATWPUD was mixed with multi-walled carbon
nanotube (MWCNT) to yield coating solutions, and the mixture was coated on the polycarbonate substrate. The surface
resistance (107°~1077Q/cm?) of coating films from ATWPUD showed better conducting properties than that (10'°°C/cm?)
from pure waterborne polyurethane dispersion (WPUD) when MWCNT was mixed. Also, the surface resistance of coat-
ing films was increased, but the pencil hardness and adhesion were decreased with increasing the amount of MWCNT
added in the ATWPUD.
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Z2]-9-dlk(polyurethane, PUY w2} kel 271 ©]73-<] hydroxyl
group (-OH)S A polyol?} 2712] isocyanate group (-NCOYS A
diisocyanate®] ¥H57] Afo]2] WEg-l| 2]t A ¢-ee][-NHCOO-],
O] F2E REA 0 & Zh= 1EAjo|th{1-2]. ©] PUT soft segment
9} hard segment®] &Fgell what tiekst 34017} 7hsst o)
A B85, 7, I, A 52 A3A 9 v 55 AR T
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71821 =0] ARgE o STt 2Eu o] dk 74 PUE Alxa7do]
U AR oflA] 3] 372l (volatile organic compounds)E
WEStE R olof] W 3] A1EA 9l g7l egdo] Azsitt. ot
2hx] AR o A3 TS A3l 473 0=e] g o]
LTI JlorR, HZoe f78E AR S At 3
2]-%-# € (waterborne polyurethane dispersion, WPUD)°] Z}33-2- ¥+
I QTH3-4]. == SR ARSShs AL FEfelee] Alxel
QP 25790 FAE R A3 A7t glo] Eoll AR
7] 9k, E 9wt 72 el 543 o275 45t ofole
=] (ionomer) F L= - E3k= o] 7P &4 ow dEA 9l
oH5-7].

19913 %2 A% B4R/ H (carbon nanotube, CNT)&=
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single-walled carbon nanotube (SWCNT)$} multi-walled carbon
nanotube (MWCNT)E T-E5H, -5k 7|74, 94, 1714 5
3L 7HA AL Qleh8]. wEbA ONTE 171734}, JREA), AbgAk Ak
4 59 FEnte] 1 g-8/30] thesiA| AL vt 53] A& F
= oA A WHE71E o835 MWCNT Ui A471ss &
A gt RE 3 9 S8l we A7 el F o R
5] P QITHY-11].

- A5t A3= poly (carbonate diol)(PCD), isophrone diisocyanate
(IPDI)®} dimethylol propionic acid (DMPA)ZH-E] A|2H E2]-$-
et prepolymer®] F3f F-2] Wk NCO 7] & aniline® = capping
A]A aniline terminated waterborne polyurethane dispersion (ATWPUD)
= @RIt o] ATWPUDS} £l (24 0] Sli= MWCNTE &
Fato] A T8 g Axst 5, o] §95 polycarbonate 7|
A $lell Eazate] I' w-& AT o] #olA] aniline 2
MWCNT®] 37Fgo] 78 v 2WAd, ddA4%, 72 &
o] el mX& Pl il ARkt

d

2.4 o

2-1. 98

£ AFelM= diisocyanate™ A|*<5 AG 2] isophorone diisocyanate
(IPDI, 98%, Aldrich)E AF&-3F31 1L, poly (carbonate diol)(PCD,
1000 g/mol, Asahi Kasei) polyol® AF&3IQITE 454 98l
7 e = S0]27] 24 dimethylol propionic acid (DMPA, 98%,
Aldrich), DMPAE 8-3l|A1717] $I3t S92+ 1-methyl-2-pyrolidinone
(NMP, 99%, Aldrich) =38t Zvl|24] dibutyltin dilaurate (DBTL,
95%, AldrichyS AMEaISItE Hdofxl Z2]-dlgt prepolymerd] =+
o] NCO 152 W3 125 2kl Q= aniline (99.5%, Aldrich)© 2
capping A1 A 0™, F3AZ = triethylamine (TEA, 99.5%, Aldrich)
T3 ARSI A Z = ethylene diamine (EDA, 99%, Aldrich)ys A}
S5t Z12]al ATWPUDS} 3417 CNTRZE Eof| Aks o]
3= FEjQl MWCNT (3.0 wt%, World Tube, Korea)S AF2-5131T}.
Qo) AokES Al W ok A §lo] o= ARSI

2-2. R

25A, §57], 252 2 w77 A% 500 mL 47 5
Zet~Fe] 1PDISE PCD, NMPe]| <1 DMPAE #7}et $- 75 °C
ollA] 500 rpm = 3 hr 5t RES-A1# NCO terminated prepolymers
A Z3Eck. 2 Aol AZE ATWPUDS] 81814 2432 Table
12 YeERgl o™, o] ] NCO/OHY & H|&S 13092 17gAIA
t}. Table 10 VERT 213 2o] H7}b]= aniline®] 715 242t
0, 0.0075, 0.010, 0.015 molZ ZA3} 2, 50 °CollA 2 hr E<F
HES-A1Z ] 28l prepolymerll Z558R= 2101 NCO 715 aniline® 2
capping*|7] aniline terminated prepolymer® -=5}310}. DMPAS]

Table 2. Properties of coating films prepared from ATWPUD/MWCNT
composite coating solutions with different types of ATWPUD

Sample code AOCNT AICNT A2CNT A3CNT
The type of ATWPUD A0 Al A2 A3
The amount of AWPUD(g) 10 10 10 10
The amount of MWCNT(g) 4 4 4 4
Pencil hardness 2B 2B 2B 2B
Adhesion 5B 5B 5B 5B

Table 3. Properties of coating films prepared from ATWPUD/MWCNT
composite solutions with different amounts of MWCNT

Sample code A3CNT1 A3CNT2 A3CNT3
The amount of A3 sample(g) 10 10 10
The amount of MWCNT(g) 2 4 6
Pencil hardness 2B 2B 3B
Adhesion 5B 5B 4B

712 Q18 F2dE prepolymer &) COOH (carboxyl acid)’|&
TEAE 373l 50 °COlA 1 hr 53 F3AIA Eoll ePgsiA 24t
A 7 Qe FEIE AT o] & AR FHTE 37k
1,000 rppm®.Z 20 min &% =24 AR, AEAGAE EDAE
713107 1 hr Bt WESAIF ATWPUDZ A|Z31330. 71 5 aniline®)
71 H3lA A A ZE ATWPUD (Table 12] A0-A3) 10 go} &
of ¥kl MWCNT 4 g& 247t 1 hr 5<% E3A1A Table 20 Lt
Elt ATWPUD/MWCNT 53 778 §-91 AOCNT-A3CNTE A
Z8tk. T3 Table 19] A3 A2 10 goll MWCNTS] 715 2+
7} 2, 4, 6 g2 W3AF] Table 390 LFERA 58 §-9 A3CNTI,
A3CNT2, A3CNT3E #)Z=3}3iet. Fig. 10 ATWPUDS] B4 378+
ZHA18] VRSl O™ Al F8 8-S polycarbonate (PC) 714l
£Jef| spin coating 5, 120 °Coll4] 30 min &<t & H3AA 78 vhs
Azt

2-3. A2 24

2-3-1. FT-IR

Aniline terminated prepolymer®] TF#2-S 93 A|&E KBr
ol ¢FAl £3F3 & FTLIR (FTIR-8400S, Shimadzu)S AHE-31]
T2 #5719} NCO 719 Hh3- 7&o7-g 4318l

2-3-2. TEM

AZE ATWPUD/MWCNT A5 T8 §H9] 91z} 7]} &
e 2P| Slal AlsE =l 3lAste] TEM grid 1ol T=3Est
o] 742 %3 %, TEM (transmission electron micrographs, JEOL
2000-FXII, Japan)2 ©]-&3}o] 80 kv 715 At 2404 =48}
St

2-3-3. Y%

Az =78 WPUDSF ATWPUDS] Y5 #4137 913l
dynamic light scattering= ©]-8-3+ ] =7417](Nicomp, model 380,

Table 1. Recipe for the preparation of aniline terminated waterborne polyurethane dispersion

Sample cod Soft segment Hard segment Catalyst Neutralizer
ample code
P PCD mol IPDI mol DMPA mol Aniline mol EDA mol DBTL mol TEA mol
A0 0 0.0135
Al 0.0075 0.0097
A2 0.03 0.0585 0.015 0.01 0.0085 0.000045 0.015
A3 0.015 0.006
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Fig. 1. Overall reaction scheme to prepare aniline terminated water-
borne polyurethane dispersions.

USA)E AR5t

2-3-4. FoHE

I3 9ol e] ATWPUD/MWCNT T8 2he] F3hg W
35 S S8l Al I8 SHES HEE AE oA g
AEAA Ty AE 07 AF3 H, UV-Visible spectrometer
(UV-2450, Shimadzu, Japan)E AR5 20045 800 nme] 1
HLlelM Faas S8t

2-3-5. SEM

PC 714 Sl ZRE 78 = 3] v]A|F-2E field-emission
scanning electron microscopy (FE-SEM, JSM-6335F, JEOL)E Ak
f31o] 715t 10 kvellAd 3,000 B2 gfsie] B2k

2-3-6. ATAHE

ALH = dFHT F47])(CT-PC1, CORE TECH, Korea)°l
AT S L AR S 450 A7 71901, A (1 keye 7F
ShHA o]ZE ol 54
Q=tl, H-9H, F, HB, B
St

2-3-7. 72

ASTM D 3359[12]°ll <At Aste T Foll cutter® v+
T Eoke] S Wl 3 7 Yol 3M Elo]2E & uFAA A3 3]
o= 3] wojulo] 79 T3 7|Aleke] WA EE TEEIGItE 2
Y AXA Bhol 1 mm IFACE 11x112 Ao 2 73S
o] 10070¢] gHa-& W=, 71 floll HOIXZ(3M Tape)s -2t

i

Foich. 128 Mitsubishi A2-& AHg-a
B 59 AEE YehlE AFE AMESH

[¢]

)

T 7243] FYoldA BHE FrIsIi. W i o] ZA57F 100
5B, 9571 o]’d2 4B, 8571 o132 3B, 6571 o]’ 2B, 357
S |3l= 0BZ Vel

PC 714 ¢lell T8¥ ATWPUD/MWCNT T8 uhe] ZH A 3S
T, Fio] A" 3ol EHAT F471(SIMCO, ST-3,
Japan)E AHE-slo] 783t

2-3-9. WuprAg

717121 PC AE $loll I" R 2o ymkr/ds S4317] flsto]
Taber abraser (QM600T, Qmesys, Korea)S A8-5191 500 g2 7|
SlollA, 70 ipme] £ 52 1003] PERAIZ] 3 UV-Visible spectrometer
(UV-2450, Shimadzu)E ARE3819] 600 nme] gellA] Uwh/ds:
=7k

3. 2y ¥ nE

3-1. BEHY AR

Fig. 2& Fig. 19] =}l &J3l ¥4 % aniline terminated prepolymer
9] g}ekA] G- AIE a), b), ¢) BF Table 12] Al AlFof
Sl Aylo]t}, Fig. 2(a)y= polyol, diisocyanate?} DMPAS 3 hr &
QF HESAA Aoz Z2] -2 & prepolymer?] FT-IR spectra®
3,300 cm™! F-ollA] -NH stretching peak, 1,700 cm™ ZllA -C=0
band, 2,900 cm™ %J<ellA] -CH, band, 1,100 cm™! ¥l -C-O
band, =3 2,260 cm™! ¥4 -NCO peak?} 1 0 24 Z4]
2%t prepolymer’t FAEAUSS & 5= AATHS,7]. =3 Fig. 2
b), oy Z2]-9-2% prepolymer®} anilineS- 242} 1 hr, 2 hr 5t 1t
5217 LOJ7 aniline terminated prepolymer®] FT-IR spectra®]t}. ©]
IO ZRE aniline 7} Foll WE&AITIo] Hojdel wet 2,260
em™! F2o 2] NCO stretching ¥ 9] 757} oFafjx]= o=
5 Z2]9-d ¥ prepolymer Z4)2] NCO #5717} aniline . 2
capping®l& A& 1% 5= Ut

3-2. =M

Table 12] ATWPUD F® £ A0-A32] HU72 dynamic light
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Fig. 2. FT-IR spectra of aniline terminated polyurethane prepolymers
obtained after reacting with aniline during different reaction
time. a) 0 hr, b) 1 hr and ¢) 2 hr.
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Fig. 3. Particle size distributions of aniline terminated waterborne
polyurethane dispersions prepared with different amounts
of aniline in Table 1.

scatterings ©]83F Y5 X715 Algsto] ZASISITE Fig. 300
A & 4= 9150l =73k WPUDS! A02] H 78S 13 nm= K.Y
O} aniline®] 71 Al, A2, A3 A& ZH2} 25 nm, 33 nm, 40
nm2| B3-S Kol aniline®] 7FHo] S7FE Aol
7Vl AdE Rl o) 49 Fol anilineo] Bol 7S
Z ZE9Ee ARl aniline®] © @] cappings BE ¥

Fig. 4. Transmission electron microscope image of A3CNT in Table 2.

SEMHV: 1000V WD: 28.46 mm
SEMMAG:300kx  Det SE 20 um

MIRAW TESCAN SEM HV: 10.00 kV WD: 28.62 mm
7 SEM MAG: 3.00 kx Det SE
Kuun

R

el 2715 Z7MIA ATWPUDS] HRE} S bk W
e,

3-3. OMI7= 2

Fig. 4 Table 2] A3CNT &-<of| tj$t TEM =7 AT 2] 500 nm
oo} wd MWCNTS} 1020 nm 2732] 2 78] ATWPUD
7} 3EShs 4 Bt o] 19E F3] ATWPUDO MWCNT
7} 238 30 -0l ATWPUDSF MWCNT QAFS Alo]of:= 3}
814 Zglo] dofubx] ok, Eeld £3 AR EATS gR1E
T ATk

Fig. 5= Alx¥ 7% =2 39| nA7"2F FE-SEM= AH8-8f
] 3,000 vi= Ehfjste] St AR a), b= ZH2} Table 12] Al
A0, A3 §Ho 2 Alzd T8 Tuke] ¥ AJEE eR)e =
3k ¢y Table 22] A3CNT €00 2 Azg 7Y =uke] % A
= Yepint olnf ¢)2] ATWPUDS MWCNTZ} &3t 78] ot
< = WPUDZ AlxH Al52] a) B ATWPUDZ A% A5
Q1 byell vlsll el vlwd Exdst xEe] wol EXs] 7%
2 £33 A= 9t ol MWCNT JAE 71 S-4&Ako

Qg Avjefarl FhekEict,

3-4. [ 9| YniRE

Fig. 62 Table 2] AOCNT-A3CNT A|ZZHE dojd 58 =
wko] Ul =2 A3 AE 70 rpm, 1003]12) 2764 500 g
TF| Ut ds 7% Rk viRARD § npR RS UV-Vis
spectrometer®l]lA] 600 nm Igel A o] I8 Tuke] Ful8-S 7 s}
o AAsIgint. 78 oo v ies theat ol ke &4
% (Transmittance Loss %)& “J2J3t] As3i o, T &4
%t F55 AR e E 4] 3ge Suldt{13].

Transmittance Loss %=100(B-A)/B

AR UHEE 27 ] 600 nm SFolA 9] Tk (o%)

B=A=] Wk 57 2] 600 nm IHgelA 2] (%)

21¢] 7oA 2973 WPUDE #A1Z9 AOCNT A 89] 3¢ =
Y Tuks vpRAI 3o BEig E480] 60%= UER oL
aniline®] 3719 A|E<Q1 ACNT1, ACNT2, ACNT39] &48-2 7t
7F 53%, 42%, 32%% aniline®] H7}3o] Z71eeE T8 Tl
utigde] & Ad3E B, ol aromatic 2E AW

aniline®] 371ego] L71erS Zele-dg 7-54U19] hard segment

MIRAWTESCAN SEM HV: 10.00kV  WD: 28.56 mm Covvotoo| MIRAN TESCAN
/ SEMMAG: 300k«  Det SE 20 pm -
KNU I KNU n

Fig. 5. FE-SEM images of surfaces of coating films from a) A0 in Table 1, b) A3 in Table 1 and c¢) A3CNT in Table 2.
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100
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60 4
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Transmittance Loss (%)

20 4

AOCNT ALCNT AZCNT A3CNT
Sample code
Fig. 6. Transmittance loss % of coating films of ATWPUD/MWCNT

composites in Table 2 after Taber abrasion test with a load
of 500 g.

&
6
s °]
o
& 61
—
4 -
24

AOCNT ALCNT A2CNT A3CNT
Sample code

Fig. 7. Surface resistance of coating films from ATWPUD/MWCNT
composites in Table 2.

o] g A F7kEo] I8 muke] UYmkrAdo] $-<=ax) 7] wio)
o Akt

3-5. 3 Z9o| BMAE

Fig. 7 Table 22] AOCNT-A3CNT A&l T3t THAg =74
Azfo|th, Al 2 ZF aniline®] H7FEA] 92 AOCNT A& 3%
WA gho] 101%90/cm*S B 21}, aniline®] 3 7He ACNTI,
ACNT2, ACNT3 A&+ ZH2F 1077, 1077, 1075Q/em?2] ZHA et
e ®AT) 012> MWCNTZF 58t WPUD 5 aniline©] 3
7}l ATWPUDS} &5 5|91S 7%, Za]9-uek S4ol capping®]
1% aniline®] aromatic ring® 2 Q13 ATWPUD= =53 WPUD
Hop 9538 A7 EES Hols A ousitt. 18t aniline©]
A7k X821 AICNT, A2CNT, A3CNTS] A £x)+&= v]4:
Sk #5207 aniline 7FFe] S7P A7 & JEFE T
A s & 5 USIT

Fig. 8 aniline 37}©] 0.015 mol?] A3 Al 10 gofl MWCNT
HA7VFS 247t 2, 4, 6 g0 WSAIA Box] A3CNTI, A3CNT2,

Log R (2/cm?)

A3CNTL A3CNT2 A3CNT3
Sample code

Fig. 8. Surface resistance of coating films from ATWPUD/MWCNT
composites in Table 3.

A3CNT3 A 5.9] 1043 Aot o] Z17lellA] MWCNTS] 7}
ol 2, 4, 6 g0 & Z7FeE THA ) gk Zh2t 10°0, 1079, 1007
Qem’® Gobx] I TuR 02 98t A7 HEEE HoS ¢
I Ak olm] MWCNTE 7 g o102 3= 7} Alofle 78
Al

r

So] 2 54 ghor], 19 wrte] BHE FUSH) £HS &
ek,

30 K

<
T

3-6. TE TAo| HLAE, B Euls

Table 2= aniline 37188 22 2ajslo] A
A3 A 10 g B3 MWCNT 4 g& 212} E8)ato] %9
uke] A Ee} H-AEs R o
aniline 37}&2] WMalol| = &3}
2BZ B ow w3l 7y wulo)
= B2

Table 3 aniline 371%°] 0.015 mol= #|Z%¥ A3 A= 10 goll
MWCNT 2, 4, 6 g& 212 E3ato] Alxy I8 =uke] Ad4 %
9} 228 Uil otk MWCNTS] 7Fge] 7P mekd A
T A3CNT32] 79 T AlFef nl8) A we} Fatgjo] zbzh
3BS} 4BE F4] 23 AAE VEREEY], o= MWCNTS] H7Fgo]
S7FE T8 89 o] Eo] s St IR Rl &
Adell &4 53t JEFE vtk ke

Fig. 9(a)% Table 1°] aniline H7}4S g@sto] Axd
ATWPUDE HIZE AE QJolA A2 A T3 A5
°F 1 mm)& A|Z3F F, UV-Visible spectrometers AR5+ 200
HH 800 nme] I HlSlell A Falg-& S5 dutolrt o] 19
oA & 4= Q%] aniline 371l FasA a2 7HAEA 4
©3(400-800 nm)°IlA] HAAZ 02 90%2] =2 FI-&-S BTk 3
A Fig. 9(b)= ATWPUDS} MWCNTS] E35-3 A& Axs}lo
ol AF2] FoE-S 43 Arjolrt. IelM & 4 1ol
TP el AEEL Fig. 9(a)2 ATWPUD R} whe- &
&5 Hlow, MWONTS] H7Fgo] 2715 o W F3
& B3} o] MWCONTY] 371go] $718<4=% MWCNT <
A} Aol €] Aol AalA FaE-S AsHAI7)7] Wit o E AlR
2=
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Fig. 9. UV-Visible transmission spectra of coating films of a) ATWPUD
in Table 1 and b) ATWPUD/MWCNT composites in Table 2.

2

4. =

IPDIS} PCDE WHSAIA dojxl FF F3Alo] Sol71<l
DMPAE- 371t & 2401 NCO 152 aniline® = capping|7] aniline
terminated prepolymers #2311 0™, o]uj] H7}=]:= aniline®] %
0.0075 mol, 0.010 mol, 0.015 molZ ¥3}5}3T}. 1 3 o] LA
A} ARSI A1 aniline terminated waterborne polyurethane
dispersion (ATWPUD)S A|Z3}t}. Eof] 4l MWCNTS o]
flal Z3AA HE2 0 F ATWPUD/MWCONT 53 78805
Azt o] w =8 g-Ne] Qlel FE] wube] wH A,
AE, 72, R T 5] E4¢0 U8l ZARte] tha) 22
B A9l

i)

2es

(1) FT-IR= &3} aniline terminated prepolymer?] -3 23}
aniline 37} ol WH-g-AI7t0] oo W} 2,260 em™ oA
©] NCO stretching ¥]71.2] 7} okafix)= o2 RE Za]$-2)
gt prepolymer 5412 NCO #5717} aniline® % capping¥ & A
< AT = QIS

(2) =57 WPUDRI A0 AlE.2] F#72 13 nmE H§loH,
aniline®] 3718 Al, A2, A3 A8+ 212} 25 nm, 33 nm, 40 nm2]
H7E 1o aniline®] H71o] S-S Hrddol 57kt
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7V
= S BTt o]= H71E aniline®] Z2]9-#ERS] NCO 7]
capping el ol EE-det FAMES 27185 S| BER
-

7} SRR Alg T
(3) =8t WPUDZ A|ZE AOCNT Al5°] 7

wh AR $o) £

o
F

& E=480] 60%2 YEFE O aniline®] 37}
F Al59] ACNTI, ACNT2, ACNT3S] &48-2 717} 53%, 42%,
32%% aniline®] F7}o] T7FerE I8 Suke] ympdo] #
2 A= B} o]= aromatic 755 AW aniline®] 37150]
71 ZE)9Ew 72 U9 hard segment®] W& &A] 57}
wo] 578 ke umnirdo] 9l 7] wiitolebar ket
@) Az #g ZF aniline®] 71E#] 9 WPUD/MWCNT 53+
AFE FUAE glo) 101°0/em S B3} oL, A2 Z aniline®]
71 ATWPUD/MWCNT 53+ Alg+= ZH2} 1077, 1077, 1075y
em?9] AT FhS HIT) o) MWONTZF S8 318 4%, &
2925k S3j ol capping E|917 aniline®] aromatic ring®. % 13
ATWPUDE 578t WPUD HU} 953 7| TS HolY]
wolgtar ket 72} aniline] FH7HE AR ES] EHAE 4
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